This paper describes a gap-based method for the segmentation of handwritten Korean text lines into separate words. Three kinds of gap metrics have been evaluated to see how much the gap information contributes to the task of handwritten Korean word segmentation.
followed by a string of lower case ones, transition between numerals and alphabetic letters, and so on, which a human uses when he/she separates words in a line image [4, 7] . Since the former approach starts from the fact that the size of gaps between words is generally larger than that of gaps within a word, it has limited performance due to a variety of exceptional cases in handwriting. The latter can be more general, but it is nearly impossible to obtain those semantic features without a recognition stage.
Unfortunately there is no published method related to the segmentation of handwritten Korean text lines. Our goal in this paper is to evaluate the effectiveness of a gap-based approach for the segmentation of handwritten Korean text lines into separate words.
Gap metrics:
The gap in a Roman-style text line is defined as a white space between two adjacent connected components (CC's), since the text line can be regarded as a one-dimensional stream of CC's from left to right. For Korean text lines, the gap should be defined differently because a character is a two-dimensional combination of consonants and vowels. Therefore we define the gap for a Korean text line as a white space between two adjacent overlapped components (OC's), where an OC is defined as a set of CC's whose projection profiles in the vertical direction are connected. In this regard, a Korean text line is a one-dimensional stream of OC's.
We detect a set of gaps by a vertical projection of the input line image, where the gap is a white-run in the projection profile. We assume that the skew of input line image has been corrected and there is no overlap between two words (assumption supported by the test data). Examples in Fig. 1 contain two between-word gaps (g 2 , g 5 ) and five within-word gaps (g 1 , g 3 , g 4 , g 6 , g 7 ).
Once the set of gaps are identified, a gap metric is used to measure the size of each gap. A number of gap metrics have been proposed for the segmentation of Romanstyle text lines [4] [5] [6] . We adopt three of them which are known to have superior performance in word segmentation -bounding box (BB), run-length/Euclidean (RLE), and convex hull (CH) measures.
The BB measure has been proposed by Seni and Cohen [4] . We adopt this measure to compute a horizontal distance between the bounding boxes of two adjacent OC's.
This measure is known to have a drawback in the segmentation of Roman-style words -the rectangular nature of the bounding box suppresses component shape, and hence this metric tends to under-estimate the size of gaps [5] . However we choose it as an effective gap metric for Korean texts because a Korean character is written in a rectangular shape. Fig. 2 shows some gap distances computed using the BB measure.
The RLE measure is also proposed by Seni and Cohen [4] . We measure the RLE distance by utilizing one of the minimum run-length or minimum Euclidean distance between two OC's. The choice of one of the two is done by applying a heuristic rule to the degree of overlap. The degree of overlap is calculated using the equation, O/(H 1 + H 2 ), where H 1 and H 2 indicate the heights of the left and right OC, and O denotes the magnitude of horizontal overlap between the two OC's. The minimum run-length is used if the degree of overlap is larger than a threshold; otherwise, the minimum Euclidean distance is chosen. We set 0.25 as the threshold. Examples of RLE distance are given in Fig. 3 . Note that the RLE measure always produces larger values than the BB distances.
The CH measure, proposed by Mahadevan et al [5] , can also be applied to measure the size of gaps between adjacent OC's. First we compute the convex hull of each OC, which is the smallest convex polygon enclosing the component. Given a pair of adjacent components C 1 and C 2 , let H 1 and H 2 be their convex hulls. Let L be the line joining the centers of gravity of H 1 and H 2 . Let P 1 and P 2 be the points of intersection of L with the hulls H 1 and H 2 respectively. The CH measure between C 1 and C 2 is defined as the Euclidean distance between P 1 and P 2 . Fig. 4 gives some examples of gap distances computed by the CH measure. A quantitative measure to evaluate the performance of gap metrics has been proposed in [4] . A gap metric is said to order a line correctly, if the sorted list of gaps produced by the metric contains all word gaps after any non-word gap. Therefore the percentage of line images that are correctly ordered indicates how good a gap metric is. Table 1 compares the performance of the three gap metrics. The CH metric is the best among the three. However, it should be noted that BB is comparable to CH and outperforms RLE -it's quite different when they are applied to Roman-style text lines Table 1 Percentage of correct ordering 
